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FIELD OF THE INVENTION 

Tliis invention rclalcs to an apparatus anti test prohc for integrated circuit de- 
vices and methods of use tliercof. 



BACKGROUND OF THE INVENI ION 

Id the microelectronics industry, hcfbrc ijitcgratcd circuit (IC) chips are packaged 
in an electronic component, such as a computer, they are tested. I'csting is es- 
sential to determine whether the integrated circuit's electrical characteristics 
confoi'm to the specifications to which they were desinncd to ensure that elec- 
tronic component performs the (iinclion (or whicli it was designed. 

Testing is an expensive part of the fabrication process of contcn^porary comput- 
ing systems. The functionality of every I/C) for contemporary integrated circuit 
must be tested since a failure to achieve the <!e«;ij.'.n specification at a single I/O 
can render an integrated circuit unusable for a specific application. The testing 
is commonly done both at room temperature and at elevated temperatures to test 
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fujKtionality and aWPfcvalcd temperatures with Torccd voltaPfand currents to 
burn the chips in and to test tlie reliability of the integrated circuit to screen out 
early Tailures. 

Contemporary probes Tor integrated circuits are expensive to fabricate and arc 
easily damaged. Contemporary test probes are typically fabricated on a support 
substrate from groups of elongated metal conductors which fan inwardly towards 
a central location where each conductor has an end whicli corresponds to a 
coptact location on the integrated circuit chip to be tested. The metal conductors 
generally cantilever over an aperture in the support substrate. The wires arc 
generally fragile and easily damage and are easily displaceable Horn the prede- 
termined positions corresponding to the design positions of the contact locations 
on the integrated circuit being tested. These probes last only a certain number 
of testing operations, after which they must be replaced by an expensive rc- 
^ placement or reworked to recondition the probes. 



'^1 Figure 1 shows a side cross-scclional view of a prior art probe assembly 2 for 

□ probing integrated circ\iit chip 4 which is disposed on surface 6 of support 

men)ber 8 for integrated circuit chip 4, Probe assembly 2 consists of a dielectric 
substrate 10 having a central aperture 12 (hcrcthrough. On surface M of 
substrate 10 there are disposed a plurality of electrically conducting beanos which 
extend towards edge 18 of npcrtme 12. Conductors 16 have ends 20 which bend 
downwardly in a direction generally perpendicular to the plane of surliicc M of 
substrate 10. Tips 22 of dowiuvardly projecting electrically conducting ends 20 
arc dispo.sed in electrical contact with contact locations 24 on surface 2.^ of inte- 
grated circuit chip 4. Coaxial cables 2(^ brinji electrical signals, power and ground 
through electrical connectors 28 at periphery M) of substrate 10, Structure 2 of 
Figure I has the di.sadvantage of being expensive to fabricate and of having 
Oagilc inner ends 20 of electrical condtictors 16, linds 20 are easily damaged 
through u.sc in probing electronic devices. Since the probe 2 is expensive to 




fabricate, rcplaccri^lFacUls a substantial cost to the tcsting^nmegrated circuit 
devices. Conductors 1(3 were generally made of a high strength metal such as 
tungsten to resist damage from use. Tungsten has an undesirably high resistivity. 



SUMMARY OF THE INVENTION 
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It is an object of the present invention to provide an improved liigh density test 
probe, test apparatvis and method of use tliereof. 

It is another object of the present invention to provide an improved test probe 
for testing and burning-in integrated circuits. 

' It is another object of the present invention to provide an improved test probe 
and apparatus for testing integrated circuits in wafer form and as discrete inte- 
grated circuit chips. 



It is an additional object of the present invention to provide probes having con- 
Cj ' tacts which can be designed for iiigh performance functional testing and for iiigh 

Mi temperature buin in applications. 

It is yet another object of the present invention to provide probes having con- 
tacts which can be reworked .several times I^y resurfacing some of tiic materials 
u.sed to fabricate the probe of the present invention. 

It is a further object of the present invention to provide an improved test probe 
having a probe tip member containing a piuralily of elongated conductors cacii 
ball bonded to electrical contact locations on .space tmnsfornmtion substrate. 





A broad aspect of ihc present invention is a lest probe liaving a plurality of 
electrically conducting elongated nwnibcrs embedded in a material. One end of 
each conductor is arranged for alignment with contact locations on a workpiecc 
to be tested. 



In a more particular aspect of the present invention, the other end of the 
elongated conductors are electrically connected to contact locations on the sur- 
face of a fan-out substrate. The Tan-out siibstraic provides space transformation 
of the closely spaced electrical contacts on the first .side of the fan-out substrate. 
Contact locations having a larger .spacing are on a second side of tlic fan out 
substrate. 



In yet another more particular aspect of the present invention, pins arc elec- 
trically connected to the contact locations on the second surface of tlic fan out 
substrate. 



In another more particular aspect of the present invention, the plurality of pins 
on the second surface of the fan-out substrate are inserted into a socket on a 
second fan-out substrate. The lirst and .second space Iransformation substrates 
provide fan out from the fine pilch of the integrated circuit I/O to a larger pitch 
of electrical contacts for providing signal, power and ground to tlic workpiecc to 
be tested. 



In another more particular aspect of the present invention, the pin and socket 
assembly is replncc<l by an inlcrposer containing a plurality of elongated elec- 
trical connectors embedded in a layer of material which is s<,ucc/.cd between 
contact locations on the fust fan- out .stibstrale and contact locations on the 
second fan-out substrate. 



In another more particular aspect oftltc present invention, the test probe is part 
of a test apparatus and test tool. 

Another broad aspect of the present invention is a method of fabricating the 
probe tip or the probe according to the present invention wherein a plurality of 
elongated conductors are bonded to contact locations on a substralc surface and 
project away thcrerrom. 

In a more particular aspect of the method according to the present invention, the 
elongated conductors are wire bonded to contact locations on the substrate sur- 
face. The wires project preferably at a nonorthogonal angle from the contact 
locations. 

In another more particular aspect of the method of the present invention, the 
> wires are bonded to the contact locations on the substrate are embedded in a 
elastomeric material to form a probe tip for the structure of the present in- 
vention. 

In another more particular aspect of the present invention, the elongated con- 
ductors are embedded in an elastomeric material. 



BRIEF DESCRIPTION OF THE DRAWINGS 

iMgure I is a schematic cross-section of a conventional test pvobc for an inte- 
grated circuit device. 

Figure 2 is a scliematic diagram of one embodiment of the prol)c structure of the 
present invention. 
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Figure 3 is a schematic diagram of another embodiment of the probe structure 
of the present invention. 



Figure 4 is an enlarged view of an cin.stomcric connector electrically intercon- 
necting two space transfonnaiion substrates ofthe structure of Figure 2. 



Figure .5 is an enlarged view of the probe lip within dashed circle 100 of Figures 
2 or 3. 



Figure r, shows the probe tip ofthe structure of I'igurc 5 probing an integrated 
circuit device. 



» Figures 7-13 show the process for making the structure of I'igiirc 5. 
Figure 14 shows a probe tip structure without a fan-out substrate. 

I-igure l.-i shows the elongated conductors of the probe tip fixed by solder 
protuberances to contact locations on a space transformation substrate. 

Figure ir, shows the elongated conductors ofthe probe lip fixed by la.ser weld 
protuberances to contact locations on a space transformation substrate. 



I-'igure 17 shows both interposcr 76 and probe tip 40 rigidly bonded to space 
transformer 60. 



DETAILED DESCRIPTION 



Turning now to the figures, Figures 2 and 3 show two embodiments of the test 
assembly according to the present invention. Numerals common between Fig- 
ures 2 and 3 represent the same thing. Probe head 40 is formed rroin a plurality 
ofelongatcd electrically conducting members 42 embedded in a material 44 which 
is preferably an elastomeric material 44. The elongated conducting members 42 
liave ends 46 for probing contact locations on integrated circuit devices 48 of 
wafer 50. In the preferred embodiment, the workpiece is an integrated circuit 
such as a semiconductor chip or a .semiconductor wafer having a plurality of 
chips, 'fhe workpiece can be any other electronic device. *rhe opposite ends 52 
of elongated electrical conductors 42 arc in electrical contact with space trans- 
former (or fan-out substrate) 54. In the preferred embodiment, space transfor- 
mer 54 is a multilevel metal/ceramic substrate, a multilevel nictal/polymcr 
sUbstrnic or a printed circuit board which arc typically used as packaging 
substrates for integrated circuit chips. Space transformer 54 has, in tlic preferred 
embodiment, a surface layer .56 comprising a plurality of thin dielectric fjlnis, 
preferably polymer films such as polyinVide, and a plurality of layers of electrical 
conductors, for example, copper conductors. A process for fabricating multilayer 
structure 56 for disposing it on surface 58 of substrate 60 to forn) a space trans- 
former 54 is described in US patent application Serial No. 07/695,368, filed on 
May 3, 1991, cmitled "MlJLTl-LAYIiR 'miN VWM S'fKlJCTURH AND 
FARALl.I'K PROCI'SSINC; MFTIIOI) FOR I-AMRICAI'INC] SAMI:" which 
is assigned to the assignee of the present invention, the leaching of which is in- 
corporatcd herein by reference. Details of the fitbricalion of probe head 40 and 
of (he assembly of probe head 40 and 54 will be described herein below. 

As sown in I'lgurc 2, on stirfacc 62 orsubstralc 60, there arc, ft plurality of pins 
64. Surface 62 is opposite the surface 57 on which probe head 40 is disposed. 
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P.n3 64 arc standard pins used on integrated circuit chip packaging substrates. 
Pms 64 arc inserted into socket 66 or plated ll,rougI,-holcs in the substrate 68 
which is disposed on surface 70 of second space transformer 68. Socket 66 is a 
type of pin grid array (PGA) socket such as comn.oniy disposed on a printed 
circuit board of an electronic computer for receiving pins from a packaging 
substrate. Second space transformer 68 can be at.y second level i.uegrated circuit 
packaging substrate, for example, a standard printed circuit board, Socket 66 is 
disposed on surface 70 of sub.stratc 68. On opposite surface 70 of substrate 68 
tl^ere are disposed a plurality of electrical connectors to which coaxial cables 72 
are electrically connected. Alternatively, socket 68 can be a .,ero insertion force 
(ZIIO connector or the socket 68 can be replaced by through-holes in the 
■substrate 68 wherein the tlnough-holes have electrically conductive material sur- 
, rounding the .sidewalls such as a plated through-hole. 

» In the anbodiment of Figure 3. the pin and socket 66 con.bination of the 
cn.bodin.ent of Figure 2 is replaced by an interposer. such as. elaston.eric con- 
nector 76. The structt-re of elaston.eric connector 76 and the process for fabri- 
c«t,ng elastonKric connector 76 is described in copending US patent application 
Serial No. 07/963,364 to U. Heaman et al.. f.led October .9. 1992 entitled 
"TIlRIiF DIMliNSlONAL IlKIII VHRIORMANCM INTliRCONNIiCTlON 
MI-ANS". which is assigned to the assignee of the present invention, the teaching 
orwh,ch is i.,corporated heroin by reference and'of which the present application 
- a continuation-in-part thereof, the priority date of the Hling thereof being 
clahned herein. The elaston.eric connector can be opted to have one end per- 
manently bonded to the substrate, thus fonning a HW (field replacement unit) 
together with the probc/subsiratc/conncctor asscmblv. 

Figure 4 shows a cross-sectional view of structure of the clastomeric connector 
76 of I--igt.re 3. Connector 76 is fabrlc-Hicd of preferably cl««o,ncnc ,n«tcrlal 78 
I>.'.vn,g opposing, sui^s.antially parallel and planar surfaces 80 and 82. Throt.gl, 
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clastomcric mimi 78. extending fron, surface 81 to SsTere arc a plurality of 
elongated electrical conductors 8.5. Elongated electrical conductors 84 are pref- 
erably ai a nonorthogonal angle to surfaces 81 and 83. lilongatcd conductors 
85 arc preferably wires which have protuberances 86 at surface 81 ofelaston^cric 
material layer 78 and flattened protuberances 88 at surface 83 of clastomcric 
material layer 78. Flattened protuberances 88 preferably have a projection on 
the nattcned surface as shown for the structure of Figure 14. Protuberance 86 
is preferably spherical and Hattened protuberance 88 is preferably a nattcned 
sphere. Connector 76 is squeezed between surface 62 of substrate .54 and surface 
73 of substrate 68 to provide electrical connection bctwec., end 88 ofwircs 85 and 
contact location 75 on surface 73 of substrate 68 an<l between end 88 or wires 
85 and contact location 64 on .surface 62 of substrate .54. 

Alternatively, as shown in l.'igure 17. connector 76 can be rigidly attached to 
. sub.strate 54 by solder bonding ends 88 of wires 85 to pads 64 on sub.strate .54 
or by wire bonding ends 86 of wires 85 to pads 64 on substrate 54 in the san.c 
manner that wires 42 are bonded to pads 106 as described herein below with re- 
spcct to I.-igure 5. Wires 85 can be enca.sed in an elaston.eric material in the .san.e 
manner as wires 42 of Mgurc 5, 

Space transformer 54 is held in place with respect to second space transforn,cr 
r>8 by clamping arrangement 80 which is comprised of member 82 which is 
perpendicularly dispo.sed with respect ,o s.ulhce 70 c,f second space transfornKr 
68 and nKn.ber 84 which is preferably parallcly dispo.sed with respect to surface 
86 of nrst space transforn,er 54. Men.ber 84 presses against surface 87 of space 
transfonner 54 to hold space translbnner 54 in pl:.ce with respect st.rface 70 of 
•space transfortner 64. Me.nbcr 82 of clan,ping arrnngement 80 can be held in 
place witi, respect to surface 70 by n screw which is inserted through member 84 
at location 90 extending through the center of n,cn,ber 82 and screw into surface 
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The entire asscmb^ of sccoiul space Iransfbrnicr 68 and first space iransrormcr 
witli probe head .40 is Iieid in place with respect wafer 50 by assembly holder 94 
which is part of an integrated circuit test tool or apparatus. Members 82, 84 and 
90 can be made from materials such as nkiminun). 

Figure 5 is a enlarged view of the region of l-igurcs 2 or 3 dosed in dashed circle 
100 which shows the attachment of probe head 40 to substrate GO of space 
transformer 54. In the preferred embodiment, elongated conductors 42 arc pref- 
erably wires which are at a norj-orthogonal angle with respect to surface 87 of 
substrate 60. At end 102 of wire 42 there is preferably n Rattened protuberance 
104 which is bonded (by wire bomling, solder bonding or any other known 
bonding technique) to electrically conducting pad 106 on surface 87 of substrate 
^ ^lO. liliistomcric material 44 is substantially (lush against surface 87. At sub- 
.siantially oppositely disposed planar surface 108 elongated electrically conduct- 
ing members 42 have an end 110. In the vicinity of end 1 10. there is optimally 
a cavity 112 surrounding end 1 10. The cavity is at surface 108 in the elastomeric 
material 44. 

l-igure 6 shows (he structure of l-igurc 5 used to probe inlegratcd circuit chip 1 14 
which has a plurality of contact locations 116 .shown as spheres such- as a (:4 
.solder ball.<:. The ends 1 10 of conductors 42 are pressed in contact with contact 
locations 116 for the purpose of electrically probing inic>'raic.d circuit 1 14. Cav- 
ity I 12 provides an opening in elastomeric m;iterial 44 to permit ends 1 10 to be 
pre.s.scd towards and into solder nmunds 116. Cavity 112 provides a means for 
.solder mounds 116 to self align to ends IK) and provides a means containing 
solder mounds which may mcli. scop or be less vi.scous when the probe is oper- 
ated at an elevated temperature. When the probe is u.sed to test or burn-in 
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workpicccs have nat pads as contact locations the cavities 1 12 can remain or be 
eliminated. 



Figures 7-13 show the process for fabricating the structure of Figure 5. Substrate 
60 with contact locations 106 thereon Is disposed in a wire bond tool. The top 
surface 122 of pad 106 is coated by a method such as evaporation, sputtering or 
plating Willi soft gold or Ni/Au to provide a suitable .surface for tlicrniosonic ball 
bonding. Other bonding techniques can be used such as thermal compression 
bonding, ultrasonic bonding. la.scr bonding and the like. A commonly used au- 
tomatic wire bonder is modified to ball bond gold, gold alloy, copper, copper al- 
loy, aluminum, Pt, nickel or palladium wires 120 to the pad 106 on surface 122 
as shown in Figure 7. The wire preferably has a diameter of 0.001 to 0.00,5 
inches. If a metal other than Au is u.sed, a thin passivation metal such as Au, 
Cr, Co, Ni or Pd can be coaled over the wire by nieans of cicciroplating, or 
» clectrolcss plating, sputtering, c-bcam evaporation or any other coaling tech- 
niques known in the industry. .Structure 124 of Figure 7 is the ball bonding head 
which has a wire 120 being fed from a reservoir of wire as in a conventional wire 
bonding apparatus. Figure 7 shows the ball bond head 124 in contact at location 
■126 with surface 122 of pad 106. 

Figure 8 shows the ball bonding head 124 withdrawn in the direction indicated 
by arrow 128 from the pad 106 and ihc wire 126 drawn out to leave disposed on 
the pad 106 .surface 122 wire HO. In the preferred embodiment, the bond head 
124 is stationary and the substrate 6i) is advanced as indicated by arrow 132. 
The bond wire is positioned at an angle preferably between .5 to 60' from vertical 
and then mechanically notched (or nicked) by knife edge 1.14 as shown in Figure 
9. -fhc knife edge 1.14 is actuated, the wire 126 is cl.nmpcd and the bond head 124 
is raised, fhc wire is pulled tjp and breaks al the notch or nick. 
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Culling ihc wire 130 wliilc it is suspended is not done in conventional wire 
bonding. In conventional wire bonding, such as that used lo fabricate the elec- 
trical connector of US Patent 4.998.885, where, as shown in Figure 8 thereof, one 
end a wire is ball bonded using a wire bonded lo a contact location on a substrate 
bent over a loop post and the other ofthe wire is wedge bonded to an adjacent 
contact location on the substrate. The loop is severed by a laser as siiown in 
Figure 6 and the ends niellcd to forn. balls. This process results in adjacent 
contact locations having different types of bonds, one a ball bond the other a 
wedge bond. The spacing ofthe adjacent pads cannot he less than about - 20 
mils because of the need to bond the wire. This spacing is unacceptable to fab- 
ricate a high density probe tip since dense integrated circuits have pad spacing 
less than this amount. In contradistinction, according to the present invention, 
each wire is ball bonded to adjacent contact locations which can bo spaced less 
than 5 mils apart. The wire is held tight and knife edge 134 notciics the wire 
^ leaving upstanding or Hying leads 120 bonded to contact locations 106 in a dense 
array, 

When the wire 130 is .severed there is left on the surface 122 of pad 106 an angled 
nying lead 120 which is bonded to .surface 122 at one end and tlie other end 
projects outwardly away from the surface. A ball can be formed on the end of 
the wire 130 which is not bonded to surface 122 using a la.ser or electrical dis- 
charge to melt the end of the wire-. Teclnm|ues for this are described in co- 
pending US patent application .Serial No. 07/%3,34r,. Hied October 19, 1992, 
which is incorporated herein by reference above. 

iNgurc 10 shows the wire 126 notched (or nicked) to leave wire 120 disposed on 
Muface 122 of pad 106. The wire bond head 124 is retracted upwardly as indi- 
cated by arrow 136. The wire bond head 124 has a mechanism to grip and release 
wire 126 so that wire 126 can be lensioned against the shear blade to .sever the 
wire. 
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After the wire bonding process is completed, a casting mold 140 as shown in 
Figure 11 is disposed on svuTace 142 of substrate 60. The mold is a tubular 
member of any cross-sectional shape, such as circular and polygonal. The mold 
is preferably made of nictal or organic materials. 1*he length of the mold is 
preferably the height 144 of the wires 120, A controlled volume of liquid 
elastomer 146 is disposed into the casting 140 mold and allowed to settle out 
(flow between the wires until the surface is level) before curing as shown in Fig- 
ure 13. Once the elastomer has cured, the mold is removed to provide the 
structure siiown in Figure 5 except for cavities 112. The cured elastomer is re- 
presented by reference numeral 44. A mold enclosing the wires 120 can be used 
so tlKit the liquid elastomer can be injection molded to encase the wires 120. 

The top surface of the composite polymer/wire block can be mechanically 
jolanari/.ed to provide a uniforn) wire iieight and smooth polymer surface. A 
moly mask with holes located over the ends of the wire contacts is used to se- 
lectively ablate (or reactive ion etch) a cup shaped recess in the top surface of the 
polymer around each of the wires. The probe contacts cai^ be reworked by re- 
peating the last two process steps 

A high compliance, high thermal stability siloxane elastomer material is prefera- 
ble for this applicatit)n. The compliance of the cured elastonicr is selected for the 
probe application. Where solder mounds arc probcil a more rigid claslomeric is 
used so that the probe lips arc pushed into the solder n^ounds where a gold 
coated aluminum pad is being probed a more compliant clastomeric niaterial is 
used to permit the wires to Ilex under pressure so that the probe ci\ds in contact 
with' the pad will n^ove to wipe over the pad so that good electrical contact is 
made therewith. The high temperature siloxane material is cast or injected and 
cured similar to other claslomeric mntcrlals*, To minlml/c the shrinkage, the 



elastomer is preferably cured at lower tciuperature {'V ^ 60'') roUowcd by com- 
plete cure at higher temperatures {T ^ 80''). 

Among the many commercially available clastoniers, such as I:CCOSlL and 
SYLGARD, the use ofpolydimethylsiloxane based rubbers best satisfy both the 
material and processing requirements. However, the thernial stability of such 
elastomers is limited at temperatures below 200''(" and significant outgassing is 
observed above lOO'^C^ We have found that the thermal stability can be signif- 
icantly enlianced by the incorporation of 25 wt % or more diphcnylsiloxanc. 
I'urther, cnliancemcnt in the thermal stability has been demonstrated by in- 
creasing the molecular weight of the resins (oligomers) or minimizii^g the cross- 
link junction. M'he ouignssing of the elastomers can be mininVizcd at 
temperatures below 300''(^ by first using a thermally transieiU catalyst in the resin 
synthesis and secondly subjecting the resin to a thin fihn distillation to remove 
low molecular weight side-products. I ''or oiu* experiments, wc have found that 
25 wt % diphcnylsiloxanc is optimal, balancing the desired thermal stability with 
the increased viscosity associated with diphcnylsiloxanc incorporation. The op- 
timum number average molecular weight of the resin for maxinuim thermal sta- 
bility was found to be between I8,(KK) and 35,000 g/mol. Higher molecular 
weights were difficult to cure and too viscous, once filled, to process. Network 
formation was achieved by a standard hydiosilylation polymcri/alion using a 
hindered platinum catalyst in a reactive silicon oil carrier. 

In Figure 10 when bond head 124 bonds the wire 126 to the surface 122 of j^ad 
106 there is formed a llaliencd spherical end shown as MM in I'igurc 6. 

The high density lest probe provides a means for testing high density and high 
performance integrated circuits in wafer form or as discrete chijis. fhe probe 
contacts can be designed for high performance functional testing or high tem- 
perature burn-in applications. The probo contacts can niRo be reworked several 



tiiTiCs by resurfacing the rigid polymer material that encases the wires exposing 
the ends of the contacts. 

The high density probe contacts described in this disclosure arc designed to be 
used for testing scnuconductor devices in either xvaTcr form or as discrete chips. 
The high density probe uses metal wires that arc bonded lo a rigid substrate. The 
wires are imbedded in a rigid polymer that has a cup shaped recess around each 
to the wire ends. The cup shaped recess 1 12 shown in I'igure 5 provides a posi- 
tive self-aligning function for chips with solder ball contacts. A plurality of probe 
heads 40 can be mounted onto a space transformation substrate 60 so that a 
plurality of chips can be probed an hurned-in simultaneously. 

An alternate pmbodimcnt of tins invention would include straight wires instead 
of angled wires. Another alternate embodiment could use a suspended alignment 
mask for aligning the chip to the wire contacts instead of the cup sliapcd recesses 
in the top surface of the rigid polymer. The suspended alignn^cnt mask is made 
by ablating holes in a thin sheet of polyimide using an excimcr laser and a metal 
inask with the correct hole pattern. Another alternate embodiment of this design 
wo'uld include a intcri-^oscr probe assembly that could be made separately from 
the test substrate as described in US patent application, Serial No. 07/963,364, 
incorporated by refcrciice herein above. This design could be fabricated by using 
a copper substrate that would be etched away after the probe assembly is com- 
pleted and the polymer is cured. This approach could be further modified by 
using an adhesion dc-promoler on tlie wires to allow them to slide freely (along 
the axis of the wires) in the polyn^cr material, 

I'igure 14 shows an alternate embodiment of probe tip 40 of figures 2 and 3. 
As described herein above, probe tip 40 is fabricated to be originally fixed to tiie 
surface of a first level space transformer 54. Hach wire 120 is wire bonded di- 
rectly to a pad 106 on substrate 60 so that the probe a.<;sembly 40 is rigidly fixed 
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to the substrate 60. Tl^c embodiment oriMgurc 14, the probe head assembly 40 
can be fabricated via a discrete stand alone element. This can be fabricated fol- 
lowing the process of US patent application Serial No, 07/963.348, filed October 
19, 1992, which has been incorporated herein by reference above. Following this 
fabrication process as described herein above, wires 42 of Figure 14 arc wire 
bonded to a surface. Rather than being wire bonded directly to a pad on a space 
transformation substrate, wire 42 is wire bonded to a sacrificial substrate as de- 
scribed in the application incorporated herein. The sacrificial substrate is re- 
moved to leave the structure of l-igure 14. At ends 102 of wires 44 tliere is a 
fiattcned ball 104 caused by the wire bond operation. In a preferred embodiment 
the sacrificial substrate to which the wires are bonded have an array of pits which 
result in a protrusion 150 which can have any predetermined shape such as a 
hemisphere or a pyramid, Protrusion 1.50 provides a raised contact for providing 
good electrical connection lo a contact location against which it is pressed. The 
clamp as.sembly 80 of I'iguics 2 and 3 can be modified so that probe tip assembly 
4() can be pressed toward5; surface 58 of substrate 60 so that ends 104 of I'igurc 
14 can be pressed against contact locations such as 106 of I'igurc .5 on substrate 
60. Protuberances 104 arc aligned to pads 100 on surface 58 of I-igure 5 in a 
manner similar to how the conductor ends 86 and 88 of Ihe connector in Figure 
4 are aligned to pads 75 aiid 64 respectively. 



As shown in the process of I-igurcs 7 to wire 126 is hall bonded to pad 106 on 
substrate 60, An altcrnntivc process is lu start with a substrate 160 as shown in 
I'igure 15 having contact locations 162 having an electrically conductive n-.atcriai 
164 disposed on surface 166 of contact location 162. FJcctrically conductive 
material 164 can be solder. A bond lead such as 124 of I'igurc 7 can be used to 
dispose end 168 of wire 17<i against solder n)Ound 164 which can be heated to 
melting. Hnd 168 of wire 170 is pressed into the molten .solder mound to form 
wire 172 embedded into a solidified solder mound 174. Using this process a 
structure similar to that of I'igurc 5 can be fabricated. 



I'igurc 16 shov^^olhcr nlicrnativc embodiment of a n^mod to fabricate tlic 
structure of Figure 5. 



Numerals common between I'igurcs 15 and 16 represent the sanic thing. lind 180 
elongated electrical conductor 182 is held against top surface 163 of pad 162 on 
substrate 160. A beam of light 184 from laser 186 is directed at end 180 of 
elongated conductor 182 at the location of contact with surface 163 of pad 162, 
The end 180 is laser welded to surface 163 to form protuberance 186. 

in summary, the present invention is directed to high density test probe for test- 
ing high density and higl\ perforniance integrated circuits in wafer form or as 
discrete chip.s. The probe contacts arc designed for high performance functional 
testing and for high lempcraUnc burn in applications. The probe is formed from 
' an elastomcric probe tip having a highly dcn.se array of elongated electrical con- 
ductors embedded in an elastomcric material which is in electrical contact with 
a space transformer. 

While the present invention has been described with respect to preferred embod- 
iments, numerous modification.';, changes and improvements will occur to those 
skilled in the art without departing from the spirit and scope of liic invention. 
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